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Deficits in upper limb sensorimotor function are experienced by about 80% of patients with stroke early after symptom 
onset.1 Despite the availability of acute medical treatment and 
rehabilitation, upper limb impairment persists in about 60% 
of the patients 6 months poststroke.2 These impairments can 
include muscle weakness, loss of interjoint coordination, and 
changes in muscle tone and sensation, which subsequently re-
duce the ability to use the upper limb when performing daily 
activities and increase dependency.3,4 Understanding upper 
limb sensorimotor recovery poststroke is required to optimize 
therapy outcomes by developing effective interventions. One 
constraint impeding this understanding is the lack of standard-
ized and responsive approaches to define and measure stroke-
related upper limb deficits and their evolution.5
Traditionally, upper limb deficits poststroke are evaluated 
using established clinical assessments, such as the upper ex-
tremity subscale of the Fugl-Meyer Assessment (FMA-UE)6,7 
and the Action Research Arm Test.8,9 A drawback of these 
assessments is that they are insufficiently sensitive to capture 
the quality of sensorimotor performance because of the use of 
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ordinal scales. This impedes the ability to clearly distinguish be-
havioral restitution from compensation,10,11 which is essential to 
understand neurological mechanisms of sensorimotor recovery 
poststroke. Behavioral restitution has been defined as a return 
toward more normal patterns of motor control with the impaired 
effector, whereas compensation strategies include new behav-
ioral approaches by using intact muscles, joints, and effectors 
in the affected limb, to accomplish the desired task or goal.12 
Kinematic assessments promise to overcome these drawbacks 
by providing objective metrics that have the potential to sen-
sitively capture movement quality and enable the monitoring 
of compensatory movements.12–14 However, a variety of tasks, 
measurement systems, and kinematic metrics are used in clin-
ical research. This limits comparability between studies and 
the potential for meta-analyses that are needed to establish a 
knowledge foundation about the mechanisms of upper limb re-
covery. Furthermore, information about clinimetric properties, 
such as reliability, measurement error, validity, and responsive-
ness of metrics derived from kinematic assessments is essential 
to confirm their physiological interpretation and robustness and 
thereby, their suitability for stroke recovery research.
Previous reviews summarized the use of kinematic met-
rics for the upper limb15–20 and their physiological interpreta-
tion.21 However, they focused only on specific measurement 
systems or did not differentiate metrics according to assess-
ment tasks,16,21 factors that are likely to influence the inter-
pretation of kinematic metrics.22 In addition, the majority of 
these reviews was not performed in a systematic way or did 
not rely on guidelines such as Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis for reporting system-
atic reviews (PRISMA) and Consensus‐Based Standards for 
the Selection of Health Measurement Instruments (COSMIN) 
for assessing risk of bias and grading the evidence.23,24 Despite 
the importance of characterizing clinimetric properties, only 
2 reviews investigated clinimetrics, but these focused solely 
on convergent validity between metrics and clinical scales20 or 
did not consider assessment characteristics and the quality of 
the clinimetric evidence.16
This systematic review, therefore, aimed to provide a 
complete and unbiased overview of assessment tasks, meas-
urement systems, and metrics with their clinimetric proper-
ties (reliability, measurement error, convergent validity, and 
responsiveness) for kinematic upper limb assessments post-
stroke. Subsequently, we proposed recommendations on how 
to design, evaluate, and apply kinematic assessments in future 
stroke recovery research.
Methods
This systematic review was registered in the international pro-
spective register of systematic reviews PROSPERO (number 
CRD42017064279) and meets the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis requirements.23 The search 
was performed in PubMed, Embase, Cumulative Index to Nursing and 
Allied Health Literature (CINAHL), and Institute of Electrical and 
Electronics Engineers (IEEE) Xplore from inception to September 
30, 2017. For the literature search in PubMed, see Table I in the 
online-only Data Supplement. The online-only Data Supplement con-
tains detailed information on eligibility criteria, information sources, 
study selection, and data collection. The data that support the findings 
of this study are available from the authors on reasonable request.
Data Collection and Definitions
For each study, information about the kinematic assessment and clini-
metric properties were extracted. Additionally, patient demographics, 
stroke-related information, and the level of upper limb impairment 
was recorded.
Assessment tasks were categorized into 5 groups based on the 
nature of the performed upper limb movements. Two-dimensional 
(2D) tasks in the horizontal plane were divided into 2D pointing 
(ie, discrete movements to defined targets) and 2D shape drawing 
(ie, continuous movements) tasks. Three-dimensional (3D) tasks 
were partitioned into 3D pointing and 3D reach-to-grasp (ie, dis-
crete movements with object manipulation) tasks. Studies that could 
not be allocated to one of these groups were assigned to the other 
tasks group.
Measurement systems were categorized into 3 groups based on 
their expected influence on upper limb movements during the kin-
ematic assessments. Influence refers especially to the interaction 
forces between measurement system and patient because of friction, 
inertia, and arm weight support. Group A contained measurement 
systems with minimal influence on movements, such as inertial 
measurement units and optical and electromagnetic motion capture 
systems used without arm weight support. Group B contained meas-
urement systems expected to have medium influence, such as end 
effectors and motion capture systems used with arm weight support. 
Group C consists of measurement systems likely to have high influ-
ence, such as exoskeletons.25
Each reported kinematic metric (ie, a parameter extracted 
from kinematic data using specific postprocessing algorithms) was 
assigned to one of the following constructs based on their physiolog-
ical interpretation: accuracy, data-driven scores, efficacy, efficiency, 
movement planning, precision, smoothness, spatial posture, speed, 
temporal posture, or workspace. Their definitions (see the online-only 
Data Supplement) were based on previous work,16,21 descriptions in 
the included studies, and experience of the authors and were required 
to link metrics to their assumed physiological interpretation.
Study Quality Assessment
The risk of bias for studies investigating clinimetric properties of kin-
ematic metrics was assessed using the COSMIN checklist for sys-
tematic reviews.24 The clinimetric properties test-retest reliability (ie, 
proportion of measured variance that results from actual differences 
between patients), measurement error (ie, error not attributed to ac-
tual changes in the measured construct), convergent validity (ie, de-
gree to which correlation of metrics to clinical scales is consistent 
with the hypothesis), and responsiveness (ie, ability to capture longi-
tudinal changes in the measured construct) were analyzed.
Synthesis of Results
The results of the clinimetric evidence and study quality assessment 
were synthesized for each investigated metric across tasks by apply-
ing the Grading of Recommendations Assessment, Development and 
Evaluation principles.24 Herewith, the evidence of multiple studies is 
summarized based on the risk of bias (ie, study quality), inconsist-
ency (ie, contradicting results), and imprecision (ie, small popula-
tion sizes). For reliability, intraclass correlation coefficients of ≥0.7 
were considered to be sufficient25 (ie, the evaluation of results was 
appropriate for this property). Measurement error was considered to 
be sufficient, if the smallest detectable change or limits of agreement 
were below the minimal important change. Convergent validity was 
evaluated analyzing correlation coefficients (r) between kinematic 
metrics and clinical scales. The FMA-UE was selected as reference 
clinical scale because it was most commonly reported for describing 
upper limb motor impairment (76% of the studies). For convergent 
validity, a moderate-to-very-high correlation (|r| ≥0.5 with P ≤0.05) 
between the FMA-UE and all metrics describing the physiological 
constructs accuracy, data-driven scores, efficacy, efficiency, smooth-
ness, spatial posture, speed, temporal posture, and workspace led to 
a sufficient evaluation. For metrics describing another physiological 
construct, convergent validity could not be analyzed because it would 
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require different reference scales that were typically not reported. For 
responsiveness, an area under the curve of ≥0.7 was sufficient. The 
evidence per clinimetric property per kinematic metric was evaluated 
according to the COSMIN criteria for good measurement properties 
(sufficient, insufficient, inconsistent, or indeterminate).24 Outcomes 
were the summarized evidence (sufficient, indeterminate, or insuffi-
cient) and the quality of evidence (high, moderate, low, or very low) 
per kinematic metric and clinimetric property. Metrics were recom-
mended for future use if the quality of the evidence was at least mod-
erate and the summarized evidence was sufficient.
Results
Kinematic Upper Limb Assessments
The literature search resulted in 225 included studies (N=6197; 
Figure 1; Table II in the online-only Data Supplement). The 
included studies, as well as the participant and kinematic 
assessment characteristics, are listed in the online-only Data 
Supplement. According to our task classification, 81 studies 
used a 2D pointing task, 16 a 2D shape drawing task, 67 a 
3D pointing task, 50 a 3D reach-to-grasp task, and 24 a task 
belonging to the other tasks group (Figure I in the online-only 
Data Supplement). Kinematic recordings were made with a 
measurement system of group A, B, and C in 130, 69, and 26 
studies, respectively. In total, 151 different kinematic metrics 
(Figures 2 and 3; Figures II and III, and Table II in the online-
only Data Supplement) were reported to quantify upper limb 
sensorimotor function. Figures 2 and 3 provide an overview of 
the frequency distribution of each kinematic metric per task, 
the assigned physiological construct, and the reported clini-
metric properties.
2D Pointing Tasks
Patients (N=2536) included in studies using 2D pointing tasks 
had a median FMA-UE score of 34.35 (interquartile range 
[IQR], 22.40–47.59; reported in n=57). Eighty-two different 
kinematic metrics were used, all of them describing trunk, 
shoulder, and elbow movements (Figure 2A). The 5 most 
commonly assessed physiological constructs were smooth-
ness (n=95), speed (n=78), efficiency (n=68), movement pla-
nning (n=60), and accuracy (n=48). The 5 most commonly 
used metrics were peak velocity (n=35), task/movement time 
(n=31), mean velocity (n=28), number of velocity peaks 
(n=21), and end point error (n=20).
2D Shape Drawing Tasks
Patients (N=817) included in studies reporting 2D shape 
drawing tasks had a median FMA-UE score of 33.40 (IQR, 
22.00–45.69; reported in n=13). Thirty-two different kin-
ematic metrics were reported, all of them describing trunk, 
shoulder, and elbow movements (Figure 2B). The 5 most 
commonly assessed physiological constructs were smooth-
ness (n=18), accuracy (n=12), precision (n=12), speed (n=11), 
and efficiency (n=5). The 5 most commonly used metrics were 
mean velocity (n=8), trajectory error (n=6), axes ratio (n=5), 
normalized mean velocity (n=4), and normalized jerk (n=4).
3D Pointing Tasks
Patients (N=1818) included in 3D pointing tasks had a median 
FMA-UE score of 43.53 (IQR, 37.38–48.35; reported in n=48). 
Forty-nine different kinematic metrics were presented, all of 
them describing trunk, shoulder, and elbow movements. The 5 
most commonly assessed physiological constructs were spatial 
posture (n=136), efficiency (n=85), speed (n=50), smoothness 
(n=32), and movement planning (n=27). The 5 most com-
monly used metrics were task/movement time (n=43), peak ve-
locity (n=35), elbow flexion/extension angle (n=33), shoulder 
flexion/extension angle (n=31), and path length ratio (n=26).
3D Reach-to-Grasp Tasks
Patients (N=1178) performing a 3D reach-to-grasp task had a 
mean FMA-UE score of 46.00 (IQR, 37.40–52.35; reported 
in n=32). Sixty-six different kinematic metrics were reported. 
Forty-three metrics described trunk, shoulder, and elbow 
movements and 23, wrist, hand, and finger movements. The 5 
most commonly assessed physiological constructs were spatial 
posture (n=79), efficiency (n=59), grasping efficiency (n=39), 
speed (n=34), and smoothness (n=27). The 5 most commonly 
used metrics were task/movement time (n=38), peak velocity 
(n=29), peak grip aperture (n=23), elbow flexion/extension 
angle (n=19), and time to peak velocity (n=19).
Other Tasks
Patients (N=593) involved in other task assessments had a 
mean FMA-UE score of 27.35 (IQR, 24.40–39.23; reported 
in n=6). Forty-two different metrics were reported (Figure 
IV in the online-only Data Supplement). Thirty-eight metrics 
described trunk, shoulder, and elbow movements and 5, wrist, 
hand, and finger movements. The 5 most commonly assessed 
physiological constructs were spatial posture (n=25), spatial 
posture of hand, wrist, and finger (n=14), efficiency (n=11), 
accuracy (n=9), and smoothness (n=9). The 5 most commonly 
used metrics were trajectory error (n=7), task/movement time 
(n=6), wrist flexion/extension angle (n=6), elbow flexion/ex-
tension angle (n=5), and success rate (n=4).
Risk of Bias Assessment
The results of the risk of bias assessment can be found in 
Table IV in the online-only Data Supplement.
Synthesis of Evidence for Clinimetric Properties
Thirty (13.3%) studies investigated ≥1 clinimetric properties 
of 62 (41.1%) kinematic metrics. In total, 124 (20.5%) of 604 
possible combinations of all metrics and clinimetric properties 
were evaluated. Table 1 displays the metrics/clinimetric prop-
erties with at least moderate quality of evidence and (in)suffi-
cient summarized evidence (details and all results in Table V 
in the online-only Data Supplement).
Test-Retest Reliability
Test-retest reliability was analyzed for 30 (19.9%) kinematic 
metrics. The summarized evidence was sufficient for 21, in-
determinate for 2, and insufficient for 7 metrics. The quality 
of evidence was moderate for 1, low for 8, and very low for 
21 metrics. The only metric with a sufficient summarized evi-
dence and of at least moderate quality was peak velocity.
Measurement Error
Measurement error was evaluated for 27 (17.9%) kinematic 
metrics. The summarized evidence was indeterminate for all 
metrics. The quality of evidence was moderate for 4, low for 
10, and very low for 13 metrics.
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Convergent Validity
Convergent validity with the FMA-UE was analyzed for 58 
(38.4%) metrics. The summarized evidence was sufficient for 22, 
indeterminate for 34, and insufficient for 2 metrics. The quality 
of evidence was high for 3, moderate for 11, low for 17, and 
very low for 27 metrics. Metrics with a sufficient summarized 
evidence and of at least moderate quality were the number of 
movement onsets/ends, task/movement time, path length ratio, 
number of velocity peaks, shoulder flexion/extension angle, and 
trunk displacement. Range of velocity was the only metric with 
insufficient summarized evidence and moderate quality.
Responsiveness
Responsiveness was evaluated for 9 (6.0%) metrics. The sum-
marized evidence for responsiveness was sufficient for 3 and 
indeterminate for 6 metrics. The quality of evidence was very 
low for all metrics.
Discussion
This systematic review aimed to summarize the usage of tasks, 
measurement systems, and metrics for upper limb kinematic 
assessment poststroke, as well as the available evidence on 
the clinimetric properties of these metrics. We identified 225 
studies, which we assigned to 5 task types and 3 measurement 
system groups. One hundred fifty-one kinematic metrics cov-
ering different aspects of upper limb sensorimotor function 
were reported. However, their clinimetric properties were only 
investigated in 30 studies, leading to mostly very low or low 
quality of evidence. Most of these studies investigated conver-
gent validity (38.4% of the metrics) and reliability (19.9% of 
the metrics). These findings demonstrate the need for better 
standardization and evaluation of kinematic assessments.
There are several possible reasons for this missing stand-
ardization and clinimetric evidence. First, researchers tend to 
focus on the development of novel metrics rather than trying to 
use and validate existing ones. This may partly result from the 
scarce reporting on data processing methods and the depend-
ency of some metrics on specific hardware that is not widely 
available. Second, systematically investigating clinimetric 
properties requires carefully designed studies and involves 
large numbers of subjects and resources,24 which can be chal-
lenging to provide in practice. For example, the Grading of 
Recommendations Assessment, Development and Evaluation 
approach of COSMIN requires evidence from at least 100 
patients across studies per metric and clinimetric property to 
avoid downgrading the quality of evidence.24
Previous reviews on upper limb kinematics have not led to 
specific guidelines for kinematic assessments poststroke.15–21 
With the aim of improving standardization, we defined evi-
dence-based recommendations for designing and reporting 
kinematic upper limb assessments for stroke recovery re-
search (Table 2). These should enhance comparability 
Figure 1. Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) flow-
chart, the systematic literature search. Adapted 
from Moher et al23 with permission.
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between studies in the future and enable statistically summa-
rizing study results in meta-analyses. We further advocate that 
researchers, clinicians, and funding agencies put more effort 
and resources in studies focusing on the evaluation of clini-
metric properties of existing kinematic metrics. These actions 
should enable the research community to better exploit the 
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Figure 2. Kinematic metrics and clinimetric properties for the tasks 2D pointing (A) and 2D drawing (B). Metrics were grouped according to their assumed 
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potential of kinematic assessments, which should help to 
provide objective measures characterizing components of 
poststroke recovery and fine-grained metrics that could bet-
ter evaluate physiological changes because of rehabilitation 
interventions.
Application of Kinematic Upper Limb Assessments
When planning to apply upper limb kinematic assessments, 
it is essential to clearly define research questions and hypoth-
eses that should guide the choice of task type, measurement 
system, and metrics. For example, to assess possible compen-
satory movement strategies, a 3D movement task requiring 
the coordination of shoulder abduction, elbow extension, and 
hand opening and closing (eg, 3D reach-to-grasp) should be 
favored because these movements are known to elicit path-
ological synergy patterns.5,12,13 Compensatory movements 
can then be quantitatively captured by kinematic parameters 
describing the spatial posture of trunk, shoulder, elbow, and 
hand, as well as the efficiency of movements. Hence, a set 
of metrics including trunk displacement, shoulder flexion/
extension angle, shoulder abduction/adduction angle, elbow 
flexion/extension angle, wrist flexion/extension angle, and 
path length ratio might be appropriate to capture these move-
ments patterns,12 as reflected by their frequent application in 
3D tasks (Figure 3). This is also supported by the moderate-
to-high correlation coefficients between most of these metrics 
and the FMA-UE—a clinical measure of pathological joint 
coupling, reported in this (Table 2; Table V in the online-only 
Data Supplement) and previous reviews.16,20 Furthermore, 
the selected assessment task should be self-contained. Tasks 
trained during therapy, such as robot-assisted therapy, should 
be avoided because they confound results about upper limb 
function by including task-specific learning effects.26 Data 
collected within therapy sessions should be exclusively used 
for monitoring performance during therapy and automatically 
adapting the difficulty level.27 Additionally, the measure-
ment system should have limited influence on the performed 
movements to best capture patient behavior during the task. 
For example, the inertia and arm weight support of an active 
exoskeleton could influence the synergistic coupling of the 
shoulder, elbow, and hand, thereby affecting the validity of 
kinematic outcomes.17,28,29
For assessing quality of sensorimotor performance, rec-
ommendations are proposed in Table 2 to guide the choice 
of metrics based on the available clinimetric evidence, the 
frequency of use, and insights from motor control, tech-
nical, and clinical perspectives. The clinimetric evidence 
could only rarely be used as a single criterion for the rec-
ommendations because of the mostly very low and low 
quality of the evidence. This further underlines the need for 
systematically evaluating clinimetric properties. Hence, it 
is of high priority that kinematic metrics that are often re-
ported in the literature (Figures II through IV in the online-
only Data Supplement), but poorly described in terms of 
clinimetric properties, are evaluated. This knowledge could 
help to better establish kinematic upper limb assessments 
poststroke.
Lastly, we want to emphasize the importance of reporting 
and discussing the influence of task type, measurement 
system, and task context (ie, therapy task or self-contained 
assessment task) on the results because these factors can chal-
lenge the comparison of metrics across studies. We further 
recommend that researchers report definitions of kinematic 
metrics, including equations, targeted physiological construct, 
signal processing methods, and clinimetric evidence, to foster 
transparency and thereby standardization.
Evaluation of Clinimetric Properties
For the first time, a methodological approach was applied 
for systematically investigating clinimetric properties of 
kinematic upper limb assessments. This allowed identifying 
misconceptions in study design and execution for most sci-
entific publications, which led to low study quality accord-
ing to COSMIN standards.24 Hence, we recommend that 
researchers design and report clinimetric studies according 
to standardized guidelines like COSMIN. Nevertheless, the 
evaluation of some clinimetric properties remains challeng-
ing. For example, the comparison between clinical assess-
ments and kinematic measures for analyzing convergent 
validity requires the choice of clinical assessments that 
Table 1. Overview of the Kinematic Metrics and Their Clinimetric Properties
Kinematic Metric Clinimetric Property Quality of Evidence Summarized Evidence Quantitative Evidence
No. of movement onsets Validity (+) Moderate Sufficient |r|: −0.54
No. of movement ends Validity (+) Moderate Sufficient |r|: −0.58
Task/movement time Validity (+) High Sufficient |r|: −0.60; −0.60; −0.53; −0.52
Path length ratio Validity (+) Moderate Sufficient |r|: −0.54; 0.85
No. of velocity peaks Validity (+) Moderate Sufficient |r|: −0.58
Shoulder flexion/extension angle Validity (+) Moderate Sufficient |r|: 0.50; 0.56; 0.59; 0.70
Trunk displacement Validity (+) Moderate Sufficient |r|: −0.76; −0.72; −0.68
Range of velocity Validity (−) Moderate Insufficient |r|; −0.4
Peak velocity Reliability (+) Moderate Sufficient ICC: 0.74; 0.74; 0.87; 0.87; 0.93; 
0.93; 0.94; 0.95; 0.95
Metrics/properties are shown for which the quality of evidence (ie, quality of the available studies) was at least moderate and the summarized evidence 
(ie, quality of the clinimetric evaluation results) was either sufficient (+) or insufficient (−). References can be found in the online-only Data Supplement. 
ICC indicates intraclass correlation coefficient; and |r|, correlation coefficient.
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capture the content of the physiological construct described 
by the kinematic metrics. This can be complex because of 
the often unclear relationships between clinical and kine-
matic assessments and the high amount of resources required 
to apply a battery of these assessments.30 It, nevertheless, 
seems to be inadequate to expect very high correlations 
between kinematic metrics and clinical scales. Kinematic 
assessments are assumed to provide sensitive and objective 
readouts without ceiling effects,31 whereas clinical scales are 
mostly of ordinal nature with low resolution and often have 
ceiling effects.7 We can expect that kinematic assessments 
provide complementary information to clinical scales, which 
might lead to lower convergent validity. The evaluation of 
other aspects of validity, such as the comparison between 
Table 2. Recommendations for Kinematic Upper Limb Assessments Poststroke
Assessment task Should be hypothesis driven—task follows a research question
Should correspond to the physical capabilities of the patient population
  Some voluntary upper limb movement but FMA-UE <30: 2D task
  FMA-UE ≥30: 3D task; finger flexion/extension required for 3D reach-to-grasp task
Should, in case of an intervention trial, not coincide with the therapy task
Measurement system Should have minimal influence on upper limb movements
Kinematic metrics Should be hypothesis driven—metrics selection follows a research question and corresponds to physiological 
constructs of interest
Should be selected based on available clinimetric evidence, the frequency of use, and insights from motor control, 
technical, and clinical perspectives
  Trunk/shoulder/elbow movements
   Accuracy: trajectory error, end point error
   Efficacy: number of movement onsets,* number of movement ends,* success rate
   Efficiency: task/movement time,* path length ratio,* distance traveled
   Planning: time to peak velocity, reaction time, initial movement direction error
   Precision: variable error
   Smoothness: number of velocity peaks,* normalized dimensionless jerk, spectral arc length
   Spatial posture: trunk displacement,* shoulder flexion/extension angle,* shoulder abduction/adduction angle, 
elbow flexion/extension angle
   Speed: peak velocity*
   Temporal posture: elbow peak velocity, time to peak elbow extension angle, correlation shoulder and elbow, 
trunk movement time, trunk peak velocity
   Workspace: normalized reaching area
  Wrist/hand/finger movements
   Accuracy†
   Efficacy†
   Efficiency: peak grip aperture, aperture path ratio, grasp time, grasp release time
   Planning: time to peak grip aperture
   Precision†
   Smoothness: normalized dimensionless jerk grasp aperture
   Spatial posture: wrist flexion/extension angle, maximal vertical wrist position, wrist adduction/abduction angle, 
finger extension angle
   Speed: peak velocity of grasp aperture
Reporting Research questions, hypotheses, patient population, task, measurement system, kinematic metrics, and positioning/
instructions of the subject should be described; implementation of metrics should be transparent (equations and 
processing steps)
Methodology Evaluating clinimetric properties is urgently needed and should be performed according to standardized guidelines 
(eg, COSMIN)
2D indicates 2 dimensional; 3D, 3 dimensional; COSMIN, Consensus-Based Standards for the Selection of Health Measurement Instruments; and FMA-UE, Fugl-
Meyer Assessment Upper Extremity subscale.
*Metrics with at least moderate quality of evidence and sufficient summarized evidence in one clinimetric property.
†No recommendation could be made.
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patients with stroke and healthy age-matched controls (ie, 
discriminative or known group validity24), should, therefore, 
also be considered.16
Acknowledging the relevance of reliability and respon-
siveness when investigating physiologically relevant changes 
during recovery, it is of utmost importance that more effort 
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Figure 3. Kinematic metrics and clinimetric properties for the tasks 3D pointing (A) and 3D reach-to-grasp (B). Metrics were grouped according to the ana-
lyzed body part and their assumed physiological interpretation. Type, size, and fill color of the annotated symbols indicate the evaluated clinimetric property 
(reliability, measurement error, responsiveness, or validity), study quality (inadequate, doubtful, adequate, or very good), and evaluation results (negative, in-
determinate, or positive) of single studies, respectively.
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will be put into increasing evidence-based evaluations of these 
clinimetric properties.
Limitations
We suggested a classification for assessment tasks based on the 
nature of the performed movements, for measurement systems 
based on their influence on movements, and for metrics based 
on the assumed physiological interpretation. We acknowledge 
that this classification could have been implemented differently, 
although our suggestions were based on the literature, descrip-
tions provided by the studies, and experience of the authors. In 
addition, the convergent validity analysis was conducted solely 
by comparing kinematic metrics and the FMA-UE because 
other clinical assessments were not consistently reported.
Conclusions
Although upper limb kinematic assessments are frequently 
used in stroke research, there is a lack of standardization for 
the use of assessment tasks, measurement systems, and kine-
matic metrics, as well as a paucity of high-quality studies ana-
lyzing clinimetrics. We underlined important considerations 
and proposed recommendations for designing and reporting of 
kinematic assessments after stroke, as well as for performing 
studies to evaluate clinimetric properties. These recommen-
dations aim to enhance standardized and evidence-based kin-
ematic upper limb assessments, with the long-term goal to 
elucidate upper limb recovery poststroke.
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